The kidney is an important site of insulin metabolism. This process is achieved mainly by glomerular filtration followed by the near-complete tubular absorption of the filtered insulin by the proximal tubules (Maack et a / . , 1979). There is evidence that insulin is also removed from the peritubular vessels (Rabkin & Kitabchi, 1978) . Although the presence of specific insulin receptors in preparations of isolated rat kidney tubules has been described (Kurokawa & Lerner, 1980; Meezan & Freychet, 1982) , relatively little is known about the relationship between insulin binding and the degradation of insulin. The present study was undertaken to examine the binding and degradation of insulin using a preparation of renal-cortical tubules isolated from rats and to assess the effect of streptozotocin diabetes on these processes.
Female Wistar rats (200-25Og) were used for the preparation of the tubules. The isolation technique was modified from the method of Sochor e t a / . (1980) in that the tubular fragments collected from the top of the first 250pm nylon sieve were incubated at 37°C for 45 min in bicarbonate buffer (Krebs & Henseleit, 1932) containing collagenase (1 mg/ml) and CaC12(10mM). The tubules were collected by filtering through a 25Opm nylon sieve, washed three times with calcium-free bicarbonate buffer and suspended in the required volume of bicarbonate buffer containing bovine serum albumin (IOmg/ml) and CaClz ( 1 mM). The insulindegrading activity of this preparation was determined by measuring the formation of radioactive products soluble in 10% (w/v) trichloroacetic acid from [' 2SI]iodo-insulin (Thomas et al., 1983) , and the specific binding of m~no['~~I]iodo-insulin was determined by the method of Freychet et al. (1971) .
The specific binding of insulin by the tubular preparation was demonstrated to be dependent on time, temperature and the concentration of tubules. All the other binding studies reported here were carried out at 20°C for 1 h using a tubular-protein concentration of 0.8 mg/ml. Bound I ?Ilabelled insulin was displaced by unlabelled insulin, [ N 2 -Gly"', Nr-LysB2'3-dodecanediol]insulin, pro-insulin, insulin A-chain and insulin 9-chain in proportion to their relative bioactivities.
The tubules showed high insulin-degrading activity, which was dependent on temperature, time and tubularprotein concentration. Initially it was found that about 3O"/, of the insulin-degrading activity of the tubular preparation at 37°C was due to the leakage into the extracellular medium. Extracellular insulin degradation was decreased by the inclusion of fatty-acid-free serum albumin in the incubation medium. Bacitracin (final concentration 0 . 7 m~) inhibited 56% of the cell-associated degrading activity and 34% of the activity in the extracellular medium. Thiolreactive agents, such as N-ethylmaleimide and p-chloromercuribenzoic acid, totally abolished insulin degradation by both the tubular preparation and the cell-free incubation medium.
Two groups of ten female Wistar rats were made diabetic by the intravenous injection of streptozotocin (Papachristodoulou et al., 1982) . After 13 days, one group was injected subcutaneously with 4-8 i.u. of isophane insulin daily. The last injection was given 1 day before removal of the kidneys. The specific binding of I ?SI-labelled insulin by tubules isolated from untreated streptozotocin-diabetic rats was not significantly different to that found for tubules isolated either from the untreated control animals or from insulintreated diabetic rats. Scatchard analysis of these data produced curvilinear plots. There were no significant differences in the Scatchard plots obtained for the three groups of rats indicating that diabetes did not alter either the affinity or the number of insulin receptors in this preparation of renal tubules. Thus it would seem that the insulin receptors on kidney tubules do not exhibit the phenomenon of down-regulation. Furthermore the rate of insulin degradation by the tubules was not altered in streptozotocin diabetes.
This lack of response by the kidney tubules, with respect to insulin binding and degradation, to changes in the concentration of circulating insulin suggests that the kidneys do not play an active role in modulating the rate of insulin removal from the circulation.
We thank the St. Thomas's Hospital Research (Endowments) Committee for financial support. We are studying the endocytosis of enterokinase, a heavily glycosylated enzyme, by monitoring its catalytic activity in subcellular fractions prepared from perfused rat liver 10 min after the addition of the enzyme to the perfusion medium. Rat livers were cleared of blood by perfusing in situ with oxygenated Hank's solution at either 37°C or 0°C. Fresh Hank's solution (20ml) was then continuously recirculated through the liver. Approximately 15pg of pig enterokinase (1 ml) was introduced into the perfusion line and circulation was continued for IOmin, after which the liver was perfused with 50ml of ice-cold SmM-Tris/HCl, pH 8, containing 0.25 M-sucrose, removed from the animal and homogenized. Nine fractions were prepared by differential and density gradient centrifugation. The total microsomes (post-mitochondrial supernatant) were fractionated in a discontinuous sucrose gradient of 0 . 6~-and 1.3~-sucrose containing ISrnM-CsCl (Bergstrand & Dallner, 1969) ; the smooth microsomes (fraction 7) were harvested from the interface region; the rough microsomes (fraction 9) formed a pellet; fraction 8 was harvested from the 1.3~-sucrose layer and contained a mixture of smooth and rough microsomes.
Samples of each fraction were diluted to lmg/ml with homogenizing buffer and 50pl aliquots were assayed for enterokinase activity using a-N-[3H]acetyltrypsinogen as substrate (Magee et al., 1981) . 1 5 0~1 of 20mM-Tris/20mM-sodium maleate buffer, pH 8, containing 0.25 M-sucrose and O.OlM-CaCl,, was added to one aliquot of each sample together with lop1 of soya bean trypsin inhibitor (4mg/ml) and lop1 of a-N-[3H]acetyltrypsinogen (approx. 0.065pCi). A second aliquot was similarly prepared except that lop1 of 20p~-tetra-aspartyl argininal was also added. This peptide aldehyde has a K, of approximately IOnM for the selective inhibition of enterokinase compared with an IC,, of > 1 0 0 p~ for trypsin (Cliffe el al., 1983). Two further aliquots were assayed in a similar manner, except that the buffer contained the non-ionic detergent Mulgofen BC 720 to a final concentration of 1.5% (v/v). Samples were incubated for 2 h and the release of radiolabelled activation peptides was measured as described previously (Magee et a[., 1981) . Enterokinase specific activity was expressed as the amount of radiolabelled peptide released (c.p.m.)/mg of protein per 2 h. In this way, enterokinase-catalysed hydrolysis of a-N-[3H]acetyltrypsinogen could be differentiated from non-specific proteolytic activity by its selective inhibition by tetra-aspartyl argininal and cryptic activity due to entrapment within 'right-side' out endocytotic vesicles could be revealed by detergent solubilization. (We have previously established that Mulgofen BC 720 has no effect on enterokinase activity in aqueous solution.) The different subcellular fractions were identified by their centrifugation pattern and enrichment of marker enzymes, e.g. aryl sulphatase (lysosome), 5'-nucleotidase (plasma membrane) and glucose-6-phosphatase (endoplasmic reticulum) of hepatocytes. Fig. 1 shows the distribution of enterokinase activity in the different subcellular fractions. There was little detectable enterokinase activity in the nuclear or mitochondria1 pellets (fractions 3 and 5 respectively), and none in the cytosol (fraction 6). At 37"C, approximately 70% of the administered enzyme was cleared after lOmin and most of this (85%) was localized to the smooth microsomes (fraction 7). 95% of the enterokinase activity was cryptic since full activity was only demonstrated when detergent was present in the assay. Fractions 8 and 9 contained approximately Fraction no. Fig. I . The distribution oj'enterokinase in subcellular fractions oj'rat liver Enterokinase specific activity was expressed as c.p.m./mg of protein per 2 h (see text). The fractions were identified as (1) total homogenate, (2) post-nuclear supernatant, (3) nuclear pellet, (4) post-mitochondria1 supernatant, ( 5 ) mitochondrial pellet, (6) soluble fractions, (7) smooth microsomes, (8) smooth/rough microsomes, (9) rough microsomes. ., Cryptic activity; 0, non-cryptic activity.
10% and approximately 5% respectively of the internalized enzyme, most of which was also cryptic. At 0°C only 30%of the administered enterokinase was cleared after 1 Omin. The smooth microsomes contained about 60% of this but only 10% was cryptic. The specific activity of enterokinase was 14-fold greater in smooth microsomes prepared from livers perfused at 37°C compared with those from livers perfused at 0°C. This study would suggest that, at 37"C, enterokinase is internalized in discrete 'right-side' out vesicles following binding to its receptor on the sinusoidal membrane of hepatocytes. The lack of cryptic activity, and poor enrichment of enterokinase, in the smooth microsome preparation prepared at 0°C would also confirm that receptor-mediated endocytosis is uncoupled from formation of the receptor-ligand complex at this temperature.
Calmodulin is a ubiquitous protein implicated in a number of secondary messenger systems involving calcium and cyclic nucleotides (Cheung et al., 1975) . General examples of calmodulin calcium-dependent systems include cyclic nucleotide metabolism, calcium transport/metabolism, muscle contraction, lipid and carbohydrate metabolism, membrane protein phosphorylation and mitosis. Calmodulin has been isolated from a variety of sources (Means et al., 1982) ; its presence is verified by its ability to stimulate CaZ +-dependent 3'3' cyclic nucleotide phosphodiesterase (Cheung, 1971) . Furthermore, all calmodulins so far characterized appear to exhibit similar chemical and physiochemical properties. At present little is known of calmodulin in Hymenolepis diminuta. This study reports the existence of a protein with a similar chemical profile to calmodulin.
Defatted H. diminuta was extracted with 2 0 m~i m i d azole, pH 7.5, containing ~~M -E D T A , 0.25mhl-phenylmethylsulphonyl fluoride and 1 mhi-2-mercaptoethanol. The supernatant was collected by centrifugation and 55% (w/v) (NH,),SO, was added. Calcium-dependent activation of bovine heart 3'3' cyclic nucleotide phosphodiesterase (Sigma) was only detected in the soluble fraction. An activator-enriched fraction was then found to be precipitated by adjusting the pH to 4.0. Further purification of this fraction involved DEAE-cellulose chromatography (Whatman DE-52). The column was equilibrated in 0 . 1 5~-(NHJ2S04, 20m~-imidazole, pH 7.5, the activator protein being resolved by the addition of 0.35~-(NH,),S0, to the column buffer. This fraction was then further purified by affinity chromatography on a trifluoperazine-agarose support where the activator was eluted in the presence of 2 m~-EGTA. An identical elution profile was noted when ovine calmodulin was prepared using this affinity system (Branford White & Frazer, 1982) .
After lyophilization a single band was noted on sodium dodecyl sulphate-polyacrylamide-gel electrophoresis and a molecular weight of 17000 was determined using molecular weight markers (BDH Ltd). Analytical gel electrophoresis on 8% polyacrylamide-gels also showed a fast migrating band in the presence of 5mwEGTA. A 70% mobility value was noted for this Coomassie staining band; this corresponded with ovine brain calmodulin when electrophoresed under identical conditions. When 3 mwCaC1, calcium was included in the tank buffer the mobility of this band was Trifluoperazine (pM) Fig. 2 . The influence of tr$uoperazine on phosphodiesterase The enzyme was incubated in the presence of 2mM-CaC1, and modulator protein (10 pg). Trifluoperazine was added to the assay which was incubated at 37°C for 30min. The release of inorganic phosphate from AMP after addition of snake venom 5'-nucleotidase (Sigma) was monitored at A660.
